Abstract. During the daily operation process of highway tunnel, illumination is one of the major factors influencing the operation quality. In relevant references, there are many researches on the factors of tunnel illumination light layout, light distance, light distribution curve and etc. but few researches on the pavement optical characteristics on the illumination quality in different working conditions. This article researches on five different pavement types, makes numerical analysis on the pavement luminance coefficient characteristics of highway tunnels with illumination calculation program, to master the influence of pavement optical characteristics on illumination index. In order to increase the model's accuracy and the conclusion's reliability, comparative analysis is made on the light distribution curves of two different lamps (light distribution curve1 and light distribution curve 2). The following conclusion is made: in different pavement characteristics, the luminosity of the same light distribution curve is the same while the brightness is different, therefore the ration is not a definite value; the light distribution curve shall match the reflecting characteristics of the pavement to achieve the best illumination index.
Introduction
Although the construction speed of highways is slowing down, the total mileage is still increasing, especially in the extension process to the west regions, the tunnel construction scheme is more and more adopted due to its advantages of stability, safety, shortening distances in large scale and etc [1] [2] [3] [4] [5] . During the operation process, safety and energy saving are the two major issues for the designers to consider. Under the condition of safe operation, reducing the electric energy of tunnel illumination has become the research key point for the tunnel designers in recent years [6] [7] [8] .Different form common roadway, enough brightness is required for the highway tunnels even in the day to keep the safety and efficiency of highway transportation [9] [10] .
Referring to relevant references, the researchers consider the factors influencing the tunnel illumination results mainly focus on the light source type, light distance, light layout, light height, light distribution curve, while the research on the influence of pavement materials on illumination results, and relevant regulations only provide rough pavement luminance coefficient.
This article adopts AGi32 illumination calculation procedure to make simulation on the pavement luminance coefficient characteristics of highway tunnels, and the following conclusion is made: in different pavement characteristics, the luminosity of the same light distribution curve is the same while the brightness is different, therefore the ration is not a definite value; the light distribution curve shall match the reflecting characteristics of the pavement to achieve the best illumination index. Rational choice of light distribution curve according to different pavement characteristics makes huge significance on the tunnel illumination energy conservation research.
Tunnel Illumination Relevant Optical Parameters

Pavement Lightness
Lightness is the quantity quantitatively indicated for the brightness degree of the surface radiating light ray, and pavement luminosity refers to the strong or weak physical quantity of light emission (light reflection) of the illuminant (reflector). The driver observes the reflected brightness of the ground 60-160m ahead to the eyes. The human eyes observe the light source in one direction, the ratio of the light intensity in this direction to the light source in sight, is defined as the lightness of this light source on unit area, according to the relevant regulations of International Commission on illumination, the lightness measured or calculated on the predetermined pavement spots, the unit is candla per square meter (cd/m2)
In the formula, L-the pavement maintain lightness, in the unit of cd/m2; I(C, γ)-the luminous intensity in the direction angle of c and γ;
R-the pavement luminance coefficient; Φ-the beginning luminous flux of the lamps; H-the height of the light emitting surface of the lamps to the pavement surface; MF-lightness maintain coefficient.
Pavement Luminosity
Luminosity is the luminous flux of visible light on unit area. The luminosity of the pavement spot is the size of luminous flux incident on unit pavement including this spot, according to the relevant regulations of International Commission on illumination, the luminosity measured or calculated on the predetermined pavement spots, the unit is lux (lx). An average luminosity can be obtained by striking the average value of the luminosity measurement of these spots. The pavement luminosity degree is irrelevant to the pavement type, the location and angle of the observer, but relevant to the light source.
In the formula: E-the pavement maintain luminosity, in the unit of lux; I(C, γ)-the luminous intensity in the direction angle of c and γ; ߝ-the incidence angle of the light at the calculation spot.
Luminance Coefficient
Luminance coefficient (q) is the ratio of the lightness on one pavement spot to its horizontal luminosity; it is not only relevant to the pavement materials, but also relevant to the location and sight direction of the observer, the location and light distribution curve of the lamps. The tunnel model is 13.85m wide, and the height between pavement surface and tunnel vault is 7.3m, the lamps are distributed to the both sides of tunnel (in staggered pattern), with a lateral clearance of 8.5m and a vertical clearance of 10m, the wall reflectivity is set at 0.2 according to the regulations. The lamps installation height is 5.5, the tunnel cross section is indicated as Fig 1. AGi32 illumination calculation software is adopted, the tunnel illumination lamps are LED lamps, with rated power at 100W, and the luminous flux is 10000 lm, the light distribution curve is indicated as Fig 2. 
Pavement Types and Characteristics
The pavement working condition materials are two types, cement concrete pavement and asphalt pavement. Asphalt pavement can become modified asphalt pavement by adding different accessory materials, the material characteristics are indicated as Combined with the definition of pavement lightness, it's easy to understand the lightness values will change significantly according to the change of materials.
Calculation Analyses Lightness
Luminosity
Fig 4 directly indicates that as for the same light distribution curve, pavement luminosity does not change according to the change of pavement materials, which suggests that pavement materials are not a factor influencing the luminosity; however, analysis of the luminosity values of different light distribution curves shows significant differences, the luminosity maximum value and average value of light distribution curve 1 are both higher than the maximum value of light distribution curve 2. Fig 4 directly indicates that as for the same light distribution curve, pavement luminosity does not change according to the change of pavement materials, which suggests that pavement materials are not a factor influencing the luminosity; however, analysis of the luminosity values of different light distribution curves shows significant differences, the luminosity maximum value and average value of light distribution curve 2 are both higher than the maximum value of light distribution curve 1.
Combined with Table 2, table 3 , Fig 3 and Fig 4, which comprehensively indicate that different pavement materials are the major factor influencing space lightness, but has almost no influence on luminosity. The first column of Table 4 and Table 5 refers to the different pavement materials, and the last column refers to the reciprocal of luminance coefficient. The values show that for different light distribution curves, the ratio of luminosity and lightness has small differences. In this simulation, under the circumstance of same pavement materials, with pavement guaranteed with the minimum lightness condition, the ratio value of luminosity and lightness of light distribution curve 1 is higher, hence its energy consumption is higher than light distribution curve 2, as indicated in Fig 5. Combined with Table 4, Table 5 and Fig 5, it comprehensively indicates tunnel operation requires optional choice of lamp light distribution curves according to different pavement characteristics to achieve the best results.
Relationship between Brightness and Illumination
Conclusions
This article makes the following conclusion by researching the simulation calculation of pavement luminance coefficient characteristics of highway tunnels:
(1)in different pavement characteristics, the luminosity of the same light distribution curve is the same while the brightness is different, therefore the ration is not a definite value.
(2)the light distribution curve shall match the reflecting characteristics of the pavement to achieve the best illumination index. Rational choice of light distribution curve according to different pavement characteristics makes huge significance on the tunnel illumination energy conservation research.
